A total of 281 specimens of freshwater armored ornamental fish species (Leporacanthicus galaxias, Lasiancistrus saetiger, Cochliodon sp., Hypostomus sp., Pseudacanthicus spinosus, Ancistrus sp. and Rineloricaria cf. lanceolata) were captured at the hydrological basin of Guamá River, Pará, Brazil. The infection by Trypanosoma spp. was inspected. The morphological and morphometric characterization of the parasites and the hematological parameters were determined. Leporacanthicus galaxias and Pseudacanthicus spinosus presented 100% infection prevalence, and the other species showed a variable prevalence of infection. The parasites showed clearly different morphotypes and dimensions, and probably belong to different species. The hematological response to the infection varied with the host. Cochliodon sp. showed no differences between infected and not infected fish. In other species several modifications on some hematological parameters were found, but apparently without causing disease. It is emphasized the possibility of introduction of the parasites in new environments due to the artificial movements of these ornamental fish.
INTRODUCTION
The northeast of Pará State, in Brazil, especially the hydrographic basin of Guamá River, is an important area for the fishery of ornamental freshwater fish. This is due to the facility of reaching the fishing grounds and to the proximity of Belém, from where the fish are exported to other countries. According to Torres (2007) , the capture of ornamental armored fish represents up to 55% of the monthly income to fishermen. Most of these fish are exported, but a sanitary inspection of the specimens is not performed. Therefore, the dissemination risk of parasites and diseases is high.
There are some observations on the parasites of ornamental fish in Brazil, mostly about ectoparasites (Garcia et al. 2009 , Piazza et al. 2006 , Prang 2007 , Tavares-Dias et al. 2010 , and some studies deal with the infection by Trypanosoma spp. These parasites may not harmful to the fish hosts (Untergasser 1989) , or cause anemia, damage of the hematopoietic tissues and, finally, the death of the fish (Noga 1996) . Massive infections in some hosts (over 10 5 specimens /mm 3 ), like Cyprinus carpio and Carassius auratus, may cause anemia, anorexia and ascites (Paperna 1996) . According to Eiras et al. (2010 Eiras et al. ( , 2012 , there are at least 62 nominal species of trypanosomes infecting freshwater fish in Brazil, a number of them parasitizing armored fish like Hypostomus spp. and Pterodoras spp. (D'Agosto et al. 1985 , Lopes et al. 1991 , Fróes et al. 1979 . It must be stressed out that a number of these parasites were identified only with basis on morphology and morphometry, and in most of the times assuming specificity in parasitization.
In this paper we report the infection of 7 different species of ornamental armored freshwater fish from the Guamá River by Trypanosoma spp. The morphology and morphometry of each form is described, and the prevalence, abundance and mean intensity of infection is reported. Furthermore, the hematological characteristics of the hosts are referred to.
MATERIALS AND METHODS
A total of 281 armored ornamental specimens were captured at Guamá River, including 41 Leporacanthicus galaxias (Isbrüker and Nijssen 1989) Immediately after capture, a blood sample was taken from the caudal vein with syringes coated with 10% EDTA. After blood sampling the fish were measured (total and standard length) and inspected for ectoparasites, and integument or gill lesions. The following blood parameters were determined: glucose (mg/dL) using the automatic meter Prestige IQ 50, hematocrit (Ht, at 13,000 rpm during 3 minutes), total plasma protein (g/dL) using a Quimis refractometer, total hemoglobin (HB, g/dL) using a Celmi 500 and Celmi 550 meter, and number of erythrocytes per mm 3 counted in Neubauer chamber.
Blood smears were air dried and stained with May Grunwald Giemsa modified by Rosenfeld (1947) . The smears were used for leukocyte differential counting. The determination of mean corpuscular volume (MCV = Ht / Er x 10, fentoliter), mean corpuscular hemoglobin (MCH = Hb / Er x 10, picograms), and mean corpuscular hemoglobin concentration (MCHC= Hb / Ht x 100, g/dL) were recorded according to Vallada (1999) .
Blood smears and hematocrit were also used for determining the presence of trypanosomes. In the positive samples the mean intensity of infection was determined indirectly relating the number of parasites with the amount of 1,000 erythrocytes (modified from Ranzani-Paiva 1995 method of differential counting of white blood cells). The parasites were photographed using a digital camera, and the photographs were used latter (employing the software Motic Images Advanced 3.0) to determine the cell characteristics: total length (TL), maximum width of the body (W), nucleus length (NL) and width (NW), distance between the middle of nucleus and anterior (DNA) and posterior (DNP) extremities, length of the free flagellum (FF) and number of folds of the undulating membrane (UM). With the data obtained, the nuclear index (IN) according to D'Agosto and Serra-Freire (1993) and Gu et al. (2006) was calculated.
All the hematological results, as well as the morphometric ones were submitted to analysis of variance (BioEstt 4.0 programme). For F significant values, it was employed the Tukey test (5% of probability) to compare the means values. For the analysis of the variance of folds of the undulating membrane, it was employed the Kruskal-Wallis method for non-parametric data. It was also used the normality test with basis in the deviations values to verify the existence of outliers which were eliminated.
RESULTS
The species Pseudacanthius spinosus and Leporacanthicus galaxias presented 100% of prevalence of infection, the other hosts showed a prevalence value varying between 22.6% (Cochliodon sp.) and 58.3% (Lasanciastrus sp.) (Table I) . Therefore, most of the fishes were infected, and a high proportion of them were also infected by unidentified leeches. However, some of the specimens infected with leeches were not parasitized by trypanosomes.
Hypostomus sp. presented the highest intensity of infection (1.3 parasites by 1,000 erythrocytes), and Rineloricaria cf. lanceolata showed the lowest one (0.5). The other species presented intermediate values (Table I) . Pseudacanthicus spinosus had the highest abundance level, and Rineloricaria cf. lanceolata the smallest one, while the other species presented intermediate values ( Table I) .
The morphology ( Fig. 1 ) of the parasites varied. In general, they had a rounded anterior extremity and a tapered posterior one. In some cases both the extremities were slightly tapered. The nuclei were most of the times oval-shaped, sometimes almost circular, in some cells occupying all the cell width. The kinetoplast was mostly rounded, in most of cases having a sub-terminal location. Usually the small part of the cell located before the kinetoplast was difficult to observe clearly due to poor staining of this part of the body.
The undulating membrane was well defined, developing all over the body length, or about half of the length. In some cases it was observed only near the extremity, presenting only two folds in the specimens with smaller values of body width. The undulating membrane was especially evident in Cochliodon sp., presenting in this host more folds. The cytoplasm varied from basophilic to eosinophilic. The free flagellum was sometimes hard to distinguish because it was not so intensely stained, and its length varied between short and long.
There was a great morphometrical variation in the several characteristics as it can be seen in Table  II , and several features presented a great variation depending from the host species.
The hematological study showed the infection caused varied effects on the hosts. Interestingly, in Cochliodon sp. no hematological alterations were found between infected and not infected specimens. In Ancistrus sp. and Hypostomus sp. the repercussions were minimal -the first specimens showed only a pronounced increase of the concentration of mean corpuscular hemoglobin, and the second revealed increase in the percentage of lymphocytes. In Rineloricaria cf. lanceolata the infection caused decrease of mean corpuscular hemoglobin concentration and glucose, and modifications in the white blood cells (decrease of lymphocytes and neutrophils and increase in monocytes). Finally, Lasiancistrus saetiger showed increase in the hematocrit and erythrocytes, and decrease of total plasma proteins and of mean corpuscular hemoglobin.
DISCUSSION
The first conclusion to be drawn from our results is that the prevalence of the infection varied considerably with the host species, in two of them (L. galaxias and P. spinosus) reaching a prevalence of 100%. It is known that these parasites are transmitted by the bite of leeches. Therefore, the facility of infection by leeches promotes the parasitization by trypanosomes, and the behavior of the fish may contribute to a higher or lesser probability of leech infection. The armored fish have a benthic behavior that facilitates the infection by leeches, and high values of infection by trypanosomes are not uncommon. D'Agosto and Serra-Freire (1990) reported 100% of prevalence for Trypanosoma chagasi and T. guaiabensis infecting the armored Hypostomus punctatus from lake Açú at Rio de Janeiro. Other reports on infections in several species of armored fish showed a high variability on the prevalence and intensity of infection values (Fróes et al. 1978 , Eiras et al. 1989 , 1990 . Considering these facts, and the fact that apparently the probability of leech infection in the fishes from our sample was the same for all the host species, it is possible to conclud that the resistance of the fish to the infection varies with the fish species.
There are in Brazil at least 62 species of trypanosomes described from freshwater fish, and at least 28 from those were described from armored fish (Eiras et al. 2010) . Most of the descriptions were done assuming a strict specificity of infection, and a form observed in a new host was considered a new species (Thatcher 2006). Today it is recognized that strict specificity may be an exception but not a role, and it is urgent to review the Brazilian fish trypanosomes as it was done with trypanosomes from Africa performed by Baker (1960) , resulting in a substantial reduction of the number of blood flagellate species. Besides, one confusing factor is the variability in length during infection and the existence of pleomorphic species (Gibson et al. 2005) .
Our data do not allow the identification of the parasite species and, for the reasons described above, a comparison with the Brazilian species of trypanosomes would be useless. The identification based solely on morphological features is usually not possible, and the absence of specific infections, 
TABLE I Total weight (W), standard (SL) and total length (TL) of fish, prevalence of infection (P), mean intensity of infection (MI), abundance of infection (AB), and hematological parameters in infected and uninfected fish. Figures highlighted in
ictalicized bold indicate significant differences between infected and uninfected fish; Ns: not significant. at least in most of the cases, do not allow a positive identification without the aid of molecular tools, and characterization of the development of the parasite within the vector, which were not considered in the present research. However, it is highly probable that we face different species due to the so pronounced differences in morphology and morphometry of the parasites, as depicted in Figure 1 and Table II . It is the authors' intent to pursue this study in the future in order to elucidate this question. According to the hematological data obtained, it seems that some host species (Lasiancistrus saetiger and Rineloricaria cf. lanceolata) were more affected than others (Ancistrus sp. and Hypostomus sp.), while Cochliodon sp. apparently had the hematological parameters not altered by the infection. Therefore, it can be concluded that some hosts adapted better than others to the infection.
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Some results of other authors for different freshwater hosts species show results sometimes similar to ours: anemia in Carassius auratus infected with Trypanosoma danilewskyi (Dyková and Lom 1979) , in Barilius blendelisis parasitized by Trypanosoma sp. (Rauthan et al. 1995) , and in Cyprinus carpio infected with T. borreli (Clauss et al. 2008) . Other authors reported minimal changes in blood parameters for different species of parasites and hosts, and Aguilar et al. (2005) consider that T. granulosum has only minor effects in the host Anguilla anguilla. According to , "it seems, on the evidence obtained from observations of natural infections, that species of this genus live in a more or less balanced state with their host".
In summary, we conclude that the armored ornamental freshwater fish species studied are highly infected by trypanosomes (representing most probably different species) and react differently to the infection as showed by the hematological observations. Furthermore, it is important to emphasize the risk of dissemination of these parasites, due to the artificial movements of the hosts, in spite of the need of a vector to transmit the parasites to uninfected fish. This problem is especially important because the infection is not detectable by visual inspection of the fish.
Abbreviations: TL, total length; W, width; NL, nucleus length; NW, nucleus width; DNA, distance from the nucleus till the anterior extremity; DNP, distance from the nucleus till the posterior extremity; UM, number of folds of the undulating membrane; FF, length of the free flagellum; NI, nuclear index. Values followed by different letters in the same line indicate significant differences (5% probability in Tukey test). 
